The presence of circulating antinuclear antibodies (ANA) is one of the distinctive features of systemic sclerosis (SSc), or scleroderma. A variety of SSc-related ANA, including anticentromere antibody (ACA), antitopoisomerase I antibody (anti-topo I), and anti-RNA polymerase (RNAP) III antibody, have been well characterized and are used in our daily clinical practice. They are specific to SSc and are associated with unique sets of disease manifestations. Because of their mutual exclusiveness, SSc-related ANA are widely used for diagnosis, designation of clinical subsets, and prediction of future organ involvement and prognosis 1 .
Serum autoantibodies reactive with multiple RNAP specificities, including RNAP III, were first identified by our group in 1993 using an immunoprecipitation assay 2 . We reported anti-RNAP III antibody as a biomarker that is highly specific to SSc and is associated with diffuse cutaneous SSc (dcSSc) and scleroderma renal crisis (SRC). After our initial report, these clinical correlations were confirmed by several independent studies, but anti-RNAP III antibody measurement was not used in clinical practice because an immunoprecipitation assay, which requires complicated procedures with a radioisotope and cultured human cell line, was the only method for detection. Because eukaryotic RNAP III consists of at least 13 subunits, identification of antigenic epitope(s) recognized by all anti-RNAP III-positive sera is necessary for development of convenient immunoassays. To overcome this limitation, we conducted a series of experiments using individual subunits and their recombinant fragments, and successfully identified the central portion of the largest subunit RPC155/POLR3A as the major antigenic site universally recognized by anti-RNAP III-positive SSc sera 3, 4 . Use of the recombinant antigenic fragment enabled us to establish a sensitive and specific immunoassay system 4 . Currently, commercial immunoassay kits using this system (MBL, INOVA, and Phadia) are available as in vitro diagnostics in many countries. This evolution has significantly contributed to inclusion of anti-RNAP III antibody in new American College of Rheumatology/European League Against Rheumatism criteria for classification of SSc, based on broad consensus among experts about the utility of anti-RNAP III antibody in classifying SSc 5 .
The spread of commercial anti-RNAP III antibody assays has enormously promoted a number of clinical studies assessing clinical correlations of anti-RNAP III antibodies. All studies conducted in various countries and ethnic groups have confirmed strong associations of anti-RNAP III antibodies with dcSSc and SRC. In particular, within dcSSc population, anti-RNAP III antibody is associated with rapidly progressive skin thickening and a shorter interval between the appearance of the first SSc-related symptoms and the peak of skin thickness 6 . It is now obvious that patients with anti-RNAP III antibody have the highest risk for developing SRC, but they seldom develop severe interstitial lung disease. In patients with SSc who are anti-RNAP III-positive, prevalence of SRC during the disease course ranges from 14% to 51%. In Northern Europe and North America, about 60% of patients experiencing SRC carry anti-RNAP III antibody 7 . Lower incidence of SRC in Japan, France, and Mediterranean countries is thought to reflect the lower prevalence of anti-RNAP III antibody within these populations when compared with the UK and North America 8 . Despite the lower prevalence of anti-RNAP III antibody in French and Japanese SSc patients, this antibody remains the strongest serological marker for SRC 8, 9 . On the other hand, analysis involving a large number of patients revealed clinical features potentially associated with anti-RNAP III antibodies, which were previously unnoticed. These included gastric antral vascular ectasia (GAVE; or "watermelon stomach") 10 and pulmonary hypertension 11 .
In addition, it has been highlighted that there is an association with cancer among SSc patients with anti-RNAP III antibodies in close temporal relationship to SSc onset 12, 13 . It has long been recognized that patients with SSc have an increased age-and sex-adjusted risk of cancer compared to the general population 14 . This increased risk could be secondary to damage from the disease process itself (i.e., See Malignancies in anti-RNAP3+ SSc, page 639
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The on September 7, 2017 -Published by www.jrheum.org Downloaded from lung cancer), or a consequence of the immunosuppressive therapies used to treat SSc (i.e., hematologic malignancies), although there is a subset of patients with SSc diagnosed with cancer within a short interval of the first clinical signs of SSc 15 ; the majority of them have breast cancer 16 . Despite strong associations of SSc-related ANA with a variety of clinical characteristics, the correlation with cancer had never been mentioned. In fact, Shah, et al reported that the prevalence of cancer was almost similar among SSc patients with anti-RNAP III, ACA, and anti-topo I 12 . In contrast, the median disease duration at cancer diagnosis was quite different: 1.2 years in anti-RNAP III-positive patients, in contrast to 13.4 and 11.1 years in anti-topo I or ACA-positive patients, respectively 12 . The temporal relationship between cancer and SSc among anti-RNAP III-positive patients suggests that SSc is a paraneoplastic disorder in this patient subset 17 . This theory is further supported by the presence of missense mutations in the RPC155/POLR3A gene in the cancer tissue and mutation-specific T cell responses in SSc patients with anti-RNAP III antibodies, but not in those with anti-topo I or ACA 18 .
In this issue of The Journal, Lazzaroni, et al examined characteristics of anti-RNAP III-positive patients with SSc using the European Scleroderma Trials and Research (EUSTAR) registry, the largest multicenter cohort of patients with SSc 19 . Especially, a case-control study strategy involving anti-RNAP III-positive and -negative patients with SSc matched for sex, disease duration, disease subset, and age at disease onset was useful in eliminating potential influences of confounding factors. As expected, multivariate analysis identified SRC, GAVE, rapid progression of skin thickness, and malignancies concomitant to SSc onset as independent characteristics associated with anti-RNAP III antibodies, although the association with pulmonary hypertension was not confirmed. In addition, Lazzaroni's study has provided valuable information on cancer development in patients with SSc who have anti-RNAP III antibodies, including that (1) the majority of cancer was diagnosed within an interval between 6 months before and 12 months after SSc onset; (2) the most prevalent cancer type was breast cancer, (3) patients with older age or dcSSc were particularly at risk, and (4) malignancies other than breast cancer were much more frequent in males 19 . Nevertheless, frequency of cancer diagnosis within 2 years before or after SSc onset in anti-RNAP III-positive patients was only 11%, and the number of anti-RNAP III-positive patients needed to screen to find 1 synchronous cancer at SSc diagnosis was about 17. This is much lower than dermatomyositis patients with anti-transcriptional intermediary factor (TIF)1-γ antibodies, another autoantibody associated with paraneoplastic connective tissue disease. A metaanalysis showed that the prevalence of cancer diagnosis within 2 years before or after dermatomyositis onset in anti-TIF1γ-positive patients was 79% 20 .
Because patients with anti-RNAP III antibodies have a significantly increased risk of cancer within a short interval of SSc onset, these patients are likely to benefit from rigorous cancer screening at the time of diagnosis. However, the optimal approach for cancer screening in such patients remains unknown. In this regard, we have to appreciate a relatively low prevalence of concomitant cancer (~10%) at diagnosis in anti-RNAP III-positive patients with SSc, and consider invasiveness and radiation exposure of screening tests as well as economic issues. In this case, cancer risks identified by Lazzaroni's study may help in clinical practice to institute appropriate cancer screening 19 . Specifically, recommendations for screening of synchronous cancer in anti-RNAP III-positive patients with SSc are proposed using a Delphi exercise by the EUSTAR experts 19 . These include screening for breast cancer in all female patients, and non-invasive tests guided by clinical suspicion and patient age for other malignancies for all patients. However, some degree of discordance among the experts was found on the use of whole-body positron emission tomography/computerized tomography and duration of tight followup surveillance. At present, there is general consensus that careful screening of synchronous cancer is recommended in all patients when anti-RNAP III-positive SSc is diagnosed, but screening tests required and the length of the followup period should be decided based on the individual patient's risk. The application of circulating SSc-related ANA measurement to clinical practice has greatly improved our patient care. Indeed, availability of convenient anti-RNAP III antibody testing has brought drastic changes in the management of SSc patients. The presence of anti-RNAP III antibody at SSc diagnosis should alert the managing physician to increased risk of developing rapidly progressing skin thickness and SRC as well as the presence of synchronous malignancy. Close monitoring of skin manifestations, such as semiquantitative skin thickness scoring, degree of joint contractures, and flexion tendon rubs, is essential because early progressive dcSSc is an ideal indication for aggressive disease-modifying therapies. In addition, appropriate monitoring of blood pressure for early detection of SRC is mandatory because the prompt introduction of an angiotensin-converting enzyme inhibitor can be life-saving. When an anti-RNAP III antibody test comes back with a positive result in patients with new-onset SSc, we have to perform many investigations, including careful monitoring of skin and renal manifestations as well as prompt malignancy screening. These efforts will surely contribute to further improvement of outcomes in this subset of patients with SSc.
